ABSTRACT: This study was carried out to compare meat characteristics of Tswana and Orpington chickens. A total of 120 chicks (60 Tswana and 60 Orpington) were reared intensively up to 18 weeks of age. Each treatment (Tswana and Orpington) was replicated four times with 15 birds per replicate. Birds were provided with commercial broiler diets and water ad libitum. A total of 40 (10 birds/ replicate) randomly selected chickens of each genotype (Orpington and Tswana) were sacrificed at 18 weeks of age and their carcasses cut into primal parts. Left breast and thigh portions were used for pH, colour and tenderness measurements. The right breast and thigh portions were subjected to sensory evaluation where a 9-point Hedonic scale was used to determine overall liking and disliking of juiciness, flavour and acceptability of meat by untrained panelists. Breast meat samples were in unsalted water for 30 minutes and thigh for 25 minutes. Meat colour, pH and tenderness were analysed using General Linear Model (GLM) procedure of the Statistical Analysis System while data on sensory attributes were analysed using frequencies and percentages in IBM SPSS. Thigh meat pH was significantly higher (P<0.05) in Orpington than Tswana chickens. However, no significant difference (P>0.05) in breast muscle pH was found among genotypes. Orpington breast meat was lighter (P<0.05) than Tswana chicken meat. No significant (P>0.05) difference in breast and thigh meat colour redness (a*), and yellowness (b*) was observed. Thigh meat of Tswana chickens was firmer (P<0.05) compared to Orpingtons. For overall acceptance 50% of consumers liked Tswana chicken meat compared to 20% for Orpington meat.
INTRODUCTION
Rearing system affects quality of poultry meat (Bogosavljević-Bosković et al., 2006 ). An important aspect of meat quality is eating quality, normally referred to as scores outlined by taste panelists for tenderness, juiciness and flavour. These attributes are affected by several production factors (i.e., breed or slaughter age) and by intrinsic animal factors such as muscle type (red or white) and intramuscular lipid content (Baeza et al., 2010) . In poultry, the influence of carcass fatness on muscle lipid content and sensory quality of meat depends on the species (Berri et al., 2005) . Consumer tastes and preferences are determined by several factors some of which may be related to chicken meat quality while others are inherent in the individual consumer personality. Production factors such as age, sex, genotype, diet, stocking density, method of slaughter, and post-slaughter factors (e.g., cooking method) may affect poultry meat texture and flavour (Northcutt, 2009) . These factors may affect the composition of raw meat and the progress of flavour forming reactions during cooking.
Indigenous chicken breeds play an important role in the economic development of rural communities with respect to their subsidiary income and provide them with nutritious eggs and meat for their consumption by contributing to the national supply of meat and eggs (Kgwatalala et al., 2012; Padhi, 2016) . The challenge associated with rearing family chickens is low productivity (Weyuma et al., 2015) and this challenge has brought a major threat to family chickens as they are being replaced by the highly productive and/or large-sized exotic chicken breeds/strains such as the Orpington and the Australorp. Therefore, this study was carried out to compare meat quality and sensory attributes of Tswana and Orpington chickens at 18 weeks of age raised under intensive production system.
MATERIALS AND METHODS

Study site
One day old Tswana and Orpington chicks were obtained from local farmers around Gaborone and raised at Botswana University of Agriculture and Natural Resources (BUAN). The area is located at an altitude of 994 m above sea level. The coordinates are latitude 24° 33`S and longitude 25° 54`E. The study was carried out from September 2014 to January 2015 and the average temperature during the study period was 35.5°C. Sensory evaluation was performed in the Meat Science Laboratory at BUAN.
Experimental birds and their management
A total of 120 chicks (60 Tswana and 60 Orpington) were reared up to 18 weeks of age under intensive system. Each treatment (Tswana and Orpington) was randomly replicated four times with 15 birds per replicate. Birds were provided with pre-weighed chick broiler starter crumbs from day old to 4 weeks of age and broiler grower pellets from 5 to 18 weeks of age. Feed and water were provided ad libitum throughout the experimental period.
Sample preparations
At 18 weeks of age 40 birds (10 birds/replicate) were randomly selected chickens from each genotype (Orpington and Tswana) and mechanically stunned at BUAN slaughterhouse followed by severing the carotid arteries and jugular veins and draining of blood under gravity. Birds were scalded to facilitate mechanical plucking and thereafter manually eviscerated. The carcasses were then cut into portions/primal parts as described by Kleczek et al. (2000) and the weight of individual cuts determined using electronic balance sensitive to 0.001 g. Thereafter, samples were kept frozen at -8°C until analyses were performed.
Data collection
Approximately 24 hours prior to meat quality determina- The right breast and thigh meat portions were then boiled separately in unsalted water for 30 minutes and 25 minutes, respectively (Miezeliene et al., 2011) . Samples were then allowed to cool for 10 to 15 minutes, deboned and cut into 1 x 1 x 1 cm cubes (Joubert, 2013) and thereafter presented to 96 untrained panelists. Meat samples were presented to untrained panelists together with a glass of water and the evaluation sheet. Evaluation sessions for breast and thigh meat were conducted on two separate days. The cooked right breast and thigh portions were subjected to sensory evaluation using a 9-point Hedonic scale to determine overall liking and disliking of juiciness, flavour and acceptability of meat by consumers. In the 9 point Hedonic scale, 1 represented least point and 9 highest points (i.e., 9 points = extremely like, 5 points = neither like nor dislike, 1 point = extremely dislike) Fanatico et al. (2007) .
Data analysis
Meat colour, pH and tenderness were analysed using General Linear Model (GLM) procedures of the Statistical Analysis System (SAS Institute, 2009). Differences among breed means were compared by Duncan's Multiple Range test. The consumer panel sensory data were analysed with IBM Statistical Package for Social Sciences (SPSS) software (version 23) and descriptive statistics were used to obtain frequencies and percentages. Breast and thigh meat samples were accepted when the majority of the tasters showed results as at least, "like slightly" (value 6) and above in the Hedonic scale.
RESULTS AND DISCUSSION
Meat quality pH
The thigh pH was significantly higher (P<0.05) in Orpington than Tswana chickens (Table 1) . However, no significant difference (P>0.05) in breast muscle pH was found among the breeds. Previous study of Christiansen (2013) attributed the lower breast meat pH to variation in the concentrations of different muscle fibre types as white fibres have a higher glycolytic potential resulting in a lower pH. Husak et al. (2008) reported that higher meat pH is more effective for retaining desirable colour and moisture absorption properties. In agreement with Choo et al. (2014) who found lower pH value in meat from Korean local chickens compared to silky fowl, Tswana chickens in the current study had relatively lower breast meat pH than Orpingtons.
Colour
Breast meat from Orpingtons was lighter (P<0.05) than Tswana chicken meat possibly due to genetic influence. Similarly, Christiansen (2013) found that breast and thigh meat from commercial broilers was lighter (P<0.05) than breast and thigh meat from heritage bred or indigenous chickens. No significant (P>0.05) difference in breast and thigh meat colour redness (a*), and yellowness (b*) of Orpington and Tswana chickens was observed (Table 1) . Previous study by Sandercock et al. (2009) found that broilers have lighter breast muscle, and less red and yellow colour than the slower growing layer and traditional breeds. Meat colour is generally influenced by animal related factors such as the genotype and the age of animals (Fanatico et al., 2005a) . Meat from older animals is darker due to increased myoglobin level with age. Meat colour can also be influenced by other management factors such as feeds and feeding systems (Fanatico et al., 2005a; Ponte et al., 2008) . Furthermore, Joubert (2013) explained that, animals` natural behaviour is restricted under intensive production systems resulting in aggressive and dominance disorders which result in bruising and this may affect meat quality negatively. In this study, Tswana chicken meat had less colour values compared to Orpington possibly due to genetic influence. Choo et al. (2014) found the breast meat colour of three breeds of Korean local chickens to be significantly (P<0.05) lighter (CIE L*), redder (CIE a*), and yellower (CIE b*) than that of silky fowl. The difference in meat colour from this study compared to the study of Choo et al. (2014) could be due to the fact that birds used in this study were slaughtered at the same age while slaughter age differed in the previous study. In disagreement with current results, Husak et al. (2008) found no differences between meat colour of conventional and free-range products.
Tenderness
No significant (P>0.05) difference in breast meat tenderness of Orpington and Tswana chickens was observed (Table 1) . However, thigh meat of Tswana chicken was firmer (P<0.05) and needed more force to break through than Orpington meat (Table 1) . The current result is in agreement with Jahan et al. (2005) and Grashorn and Serini (2006) who found that indigenous chicken meat is firmer than broiler meat. Meat tenderness is the most determining factor in meat acceptability ( Strydom et al., 2000) . Meat tenderness also depends on the type of muscle with the more tender meat being highly acceptable to consumers. Binda et al. (2012) found no significant difference in meat tenderness between the exotic chickens (Hybro and Hubbard) and native chickens (Bare-neck, Large Baladi and Betwil).
Sensory evaluation
Consumer meat acceptability scores by age
The mean scores given by consumers for the sensory characteristics by age are presented in Table 2 . It seems from the present results that age of the consumers had an influence on their preferences for chicken meat. The age group of 31-40, 41-50 and ≥51 gave Tswana meat higher scores for flavour and overall acceptability than Orpington meat. On the other hand, the middle age group of 31 to 40 years had higher mean scores on juiciness for the two chicken breeds, with the Orpington meat having higher scores for juiciness than Tswana chickens. Consumers aged 41 to 50 years and >51 years gave Tswana chicken meat had the highest scores for flavour and overall acceptability. This finding is in agreement with Dyubele et al. (2010) who observed that the perception of chicken meat is determined by the background of the consumers. Additionally, Kyarisiima et al. (2011) found that consumers` chicken meat preferences varied with age due to lack of exposure to exotic chicken meat consumption during their childhood.
Juiciness
According to the results on Hedonic scale of breasts meat juiciness, about 28.8% of consumers preferred or liked juiciness of Orpington chicken meat compared to 25.9% who liked juiciness of Tswana meat. Also, most of panelists (22.3%) disliked meat juiciness of Tswana chickens compared to 17.7% of panelists who disliked Orpington meat (Figure 1) . Furthermore, 50.8% of consumers liked Orpington thigh meat juiciness compared to 27.3% for Tswana chicken meat (Figure 2 ). In agreement with the present results, Choe et al. (2010) compared the quality characteristics between commercial Korean native chickens (KNC) and commercial broilers (CB) and found no significant sensory acceptance between the two genotypes. However, KNC had higher cohesiveness, chewiness and gumminess than CB, the attributes that are indicative of a unique texture property. Juiciness is mainly affected by the water holding capacity and fat content of the meat (Aganga, 2003) . The study of Fanatico et al. (2005b) found breast meat from slowgrowing birds to be too dry in just-about-right analyses. Similarly, Owens et al. (2006) found that significantly more consumers considered meat from the slow growing birds to be "much too dry" compared to the fast growing birds. Fanatico et al. (2007) explained that the lower juiciness of the slow growing genotype meat may also be related to the lower content of intramuscular fat.
Flavour
About 11% of the panellists classified the flavour of breast meat from Tswana chickens as 'like moderately' compared to 4.6% for Orpington chicken meat ( Figure 3 ). As illustrated in Figure 4 , 15.7% of consumers slightly liked the flavour of thigh meat from Tswana chickens compared to Orpington (12%). The current result is in agreement with Jahan et al. (2005) and Grashorn and Serini (2006) who found that indigenous chicken meat is firmer and more strongly flavoured than broiler meat. It is apparent that consumers in this study found the flavour development of indigenous chickens more palatable than the bland taste of broiler chicken meat. Fanatico et al. (2005b) attributed flavour development to the fact that indigenous chickens are slow growing than the fast growing broilers.
Overall liking of meat
As shown in Figure 5 , about 50% of consumers liked Tswana chicken meat compared to 20.9% for Orpington meat. No panellist disliked Tswana chicken meat compared to 21.4% of panelists who disliked Orpington meat ( Figure 5 ). Islam (2000) argued that indigenous chicken meat and eggs are preferred by the majority of rural dwellers mainly because of their toughness, pigmentation, taste, leanness and suitability for special dishes. Similarly, Jahan et al. (2005) , Jaturasitha et al. (2008) , Walley et al. (2015) and Sokolowicz et al. (2016) observed that family chicken meat has unique characteristics such as low fat which makes it more ideal for the health conscious market. On the contrary, Owens et al. (2006) reported no differences in the overall liking and flavour of the breast meat or thigh meat between fast and slow growing birds. 
CONCLUSION
Regardless of the type of chicken, breast meat had a lower pH than thigh meat. Again, breast meat was lighter (L*), less red (a*) and yellow (b*) than thigh meat. Meat from Tswana chickens was tougher than Orpington chicken meat. It seemed that the age of the consumers had influence on chicken meat preferences as consumers aged 41 to 50 years and above 51 years gave Tswana chicken meat the highest scores for flavour and overall acceptability. Sensory evaluation results showed Orpington meat to be juicier than Tswana chicken meat, however, most of consumers' preferred or liked flavour and accepted Tswana chicken meat than Orpington meat. 
